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INTRODUCTION 
Because of their toughness,  f l  exi b i l  i t y  and remarkabl e thermal s t a b i  1 i t y ,  
1 inear a l l -a romat ic  polyimides a r e  excellent candida te  film and coa t ing  
m a t e r i a l s  for  advanced e l e c t r o n i c  c i r c u i t r y  and wire coa t ing  app l i ca t ions .  
In past  y e a r s ,  however, the inherent i n s o l u b i l i t y  ( l s 2 )  of these polymers has 
somewhat 1 imi ted  the i r  useful ness f o r  electronic appl i c a t i o n s .  
The cl assic approach of i dcorporating aromatic pendant groups a1 ong the 
polymer backbone has been used successfu l ly  t o  improve the sol ubi1 i t y  of  
l i n e a r  polyimides. (3-5) 
br idging  groups i n  the diamine monomers has a l s o  proved e f f e c t i v e  a t  enhancing 
s o l u b i l i t y  of polyimides i n  common organic  solvents. ( 6 )  
combined effects of  incorpora t ing  bulky (-CF3 and -SO21 groups, l i n k i n g  or 
b r i  dgi ng groups,  and meta-1 inked diamines t o  reduce charge transfer compl exi ng 
i n  aromatic polyimides and thereby f a c i l i t a t e  s o l u b i l i t y  have been 
s t u d i e d . ( 7 )  
prepared w i t h  biphenyl t e t r aca rbox l  i c  dianhydrides  i n  a high-boil ing so lven t ,  
N-methyl pro1 idone.(8*9) 
Var ia t ion  i n  t h e  isomeric po in t s  of attachment of 
More r e c e n t l y ,  the 
Other researchers have a1 so repor ted  the s o l u b i l i t y  of polyimides 
The purpose of this i n v e s t i g a t i o n  was t o  observe the e f f e c t s  on s o l u b i l i t y  o f  
changing isomeric points of  attachment of phenoxy units i n  the diamine por t ion  
of  severa l  a1 1 -aromatic polyimide systems. 
conta in ing  dianhydrides  were used i n  this study because of their known va lue  
a t  c o n t r i b u t i n g  t o  polyimide ~ o l u b i l i t y . ( ~ , ~ )  
Hexafl uoropropane- and oxygen- 
EXPERIMENTAL 
Mate r i  a1 s 
The 4,4 ' -ox id iphthal  i c  anhydride (ODPA) was r e c r y s t a l l i z e d  from a n i s o l e  and 
sublimed a t  ZOOo-210°C/1 mm p r i o r  t o  use (m.p. 224OC). 
dicarboxphenyl ) hexaf l  uoropropane d ianhydr ide (6F) was obta ined from American 
Hoechst and r e c r y s t a l  1 i z e d  from to1 uene/acet ic anhydride (m.p. 241OC). 
4 ,4 ' -oxyd ian i l i ne  (4,4'-ODA) was obtained commercial ly, r e c r y s t a l l i z e d  and 
sub1 imed (m.p. 188OC). The 3,4'- and 3,3 ' -oxydiani l  i n e  diamines (3,4'-0DA 
and 3,3'-ODA) are experimental m a t e r i a l s  obta ined from M i  t s u i  Toatsu, Inc.  
The 3,4'-ODA was r e c r y s t a l l i z e d  (m.p. 74OC); and t h e  3,3'-ODA was vacuum 
d i s t i l l e d  a t  125°C/0.1 mn (m.p. 77OC). 
been repo r ted  ( lo)  e l  sewhere. 
APB; 1,3-bis(4-aminophenoxy)benezene, 1,3(4)-APB; and 1,4-bis(3-amino- 
phenoxy)benezene, 1,4(3)-APB, were experimental diamines obta ined and used as 
rece ived  from M i t s u i  Toatsu, Inc., w i t h  m e l t i n g  p o i n t s  o f  171°, 1 1 5 O ,  and 
127O respec t i ve l y .  The 1,3-bi s (  3-ami nophenoxy ) benezene , 1,3 ( 3  )-APB , was 
obta ined commercially (m.p. 105°C). 
vent f o r  po lymer izat ion was vacuum d i s t i l l e d  a t  107OC over ca lc ium hydr ide.  
The ZY2-bis(3,4- 
The 
Source and p u r i t y  o f  the 2,4'-ODA has 
The 1,4-bis(4-aminophenoxy) benzene, 1,4(4)- 
Dimethylacetamide (DMAc) used as a so l -  
P repara t i on  o f  Polymers 
Polyamic ac ids  were prepared a t  15% s o l i d s  ( w / w )  by adding the diamine 
DMAc t o  a f l a s k  f lushed w i t h  dry  n i t rogen.  An equimolar amount o f  so l  
d ianhydr ide was then added t o  the  d i sso l ved  diamine. A f t e r  s t i r r i n g  8 
hours a t  room temperature, t h e  r e s u l t i n g  polyamic a c i d  s o l u t i o n s  were 
and 
d 
24 
r e f r i g e r a t e d .  
l i m e  g lass p l a t e s  i n  an enclosed dust - f ree chamber a t  10% r e l a t i v e  humidity. 
F i l m s  were cured unless otherwise i n d i c a t e d  by hea t ing  i n  a fo rced  a i r  oven 
for one hour each a t  looo, 200' and 300°C. 
approximately 1 m i l  (.0025 cm) i n  thickne-,s. 
Fi lms were prepared by c a s t i n g  the amic a c i d  r e s i n s  onto soda- 
Resu l t i ng  poly imide f i l m s  were 
Charac te r i za t i on  
Me1 t i n g  p o i n t s  were determined on an E. I .  DuPont Ser ies  99 Thermal Analyzer 
a t  20°C/min. 
a t  a concent ra t ion  of 0.5% (w/w) i n  DMAc a t  35OC. 
t u r e s  (Tg) o f  the  f u l l y  cured polymer f i l m s  were measured by thermomechanical 
ana lys i s  (TMA) on a DuPont 943 Analyzer i n  a i r  a t  5'C/min. F i lms f u l l y - c u r e d  
a t  3OO0C were tes ted  f o r  s o l u b i l i t y  a t  3-5% (w/w) s o l i d s  concent ra t ion  i n  DMAc, 
N,N-dimethylformamide (DMF), and ch loroform (CHC13). 
temperature were noted a f t e r  periods o f  3 hours, 1 day and 5 days. R e f r a c t i v e  
i n d i c e s  o f  1 m i l  t h i c k  f i l m s  were obta ined a t  ambient temperature by the  Becke 
1 i n e  method us ing  a p o l a r i z i n g  microscope and standard immersion 1 i q u i d s  
obta ined from R. P. C a r g i l l e  Labs. 
-- 
Inherent  v i s c o s i t i e s  o f  polyamic a c i d  'sol u t i o n s  were ob ta ined 
Glass t r a n s i t i o n  tempera- 
Sol ub i1  i t i e s  a t  room 
RESULTS AND D I S C U S S I O N  
The po ly imide  f i l m s  prepared from the monomers shown i n  F igures  1-3 a re  l i s t e d  
i n  Tab1 e I .  React ion o f  monomers y i e l  ded pa l  e ye1 1 ow t o  co l  or1 ess polyami c 
a c i d  so lu t i ons  w i t h  i nhe ren t  v i s c o s i t i e s  ranging from 0.34 t o  1.82 d l /g .  
Tough, f l e x i b l e ,  t ransparent  f i l m s  were produced by the rma l l y  conver t i ng  the  
polyamic ac ids  t o  po ly imides a t  300% i n  a i r .  
l i g h t  ye l l ow  c o l o r  t o  e s s e n t i a l l y  c o l o r l e s s  depending on th ickness.  
c o l o r s  descr ibed i n  Table I were f o r  nominal ly  1 m i l  t h i c k  f i l m s .  Glass t ran -  
s i t i o n  temperatures o f  f i l m s  increased i n  va lue w i t h i n  each se r ies  o f  polymers 
as the  l i nkages  o f  t he  aromat ic diamines were v a r i e d  from a l l -meta t o  a l l -  
para. 
than d i d  ODPA d ianhydr ide-conta in ing polymers w i th  t h e  same diamine. The ODPA 
F i lms  ranged i n  c o l o r  f rom a 
The f i l m  
Poly imides prepared wi th  6F dianhydr ide c o n s i s t e n t l y  d isp layed h igher  Tg 
3 
films had a higher  refractive index ( n  = 1.67-1.69) than  d i d  the 6F polymers 
n = 1.60-1.62). 
the dianhydride po r t ion  of  the polymer chain.  
are a l l  lower t h a n  the r epor t ed  va lues  o f  commercial polyimide f i lm  (1.78). 
Ref rac t ive  indices f o r  these s e r i e s  of films was governed by 
These va lues  of r e f r a c t i v e  index 
The s o l u b i l i t i e s  o f  polyimide films cured a t  3OO0C a r e  presented  i n  Tables  I1 
and 111. 
the s o l v e n t s  1 isted than those  prepared w i t h  6F. 
s u r p r i s i n g  a s  the 6F d ianhydr ide  because of  i t s  bulky -CF3 groups i s  most 
effective i n  p revent ing  charge t r a n s f e r  complexing ( C T C )  between polymers cha ins  
through steric hindrance. ( 7 ) .  O D P A  conta in ing  oxygen a s  a ~ ~ s e p a r a t o r l ~  o r  
" l i n k i n g  atom" is  a l s o  effect ive (al though less so than 6F) i n  producing a 
reduct ion  i n CTC when compared t o  pyromell i t i  c (PMDA) o r  benzophenone 
t e t r aca rboxy l  ic  (BTDA) d ianydr ides .  When coup1 ed w i t h  the  diamines i n  F i  gure 2 ,  
these 1 a t t e r  two d i  anydri  des produce t o t a l  l y  i nsol ubl e polymers. 
Polymers prepared w i t h  ODPA dianhydride were less s o l u b l e  ove ra l l  i n  
T h i s  phenomenon i s  not  
The  polyimides prepared w i t h  6F dianhydride (Tabl e 11) were exceedingly s o l u b l e  
i n  the s o l v e n t s  s tud ied .  S o l u b i l i t y  increased w i t h  i nco rpora t ion  o f  meta o r  
o r t h o  isomerism which serves t o  c r e a t e  mwe " k i n k s "  and b i s y m e t r y  i n  the 
polymer chains. 
111) except t o  a lesser degree.  
effect  on the s o l u b i l i t y  of  ODPA films than d i d  meta isomerism a s  had been noted 
p rev ious ly .  (6) 
The same trend was observed f o r  ODPA-contai n i  ng f i  lms (Tabl e 
Ortho isomerism appeared t o  have a g r e a t e r  
Several  polymers were tested f o r  s o l u b i l i t y  a t  high concen t r a t ions  of  polymer i n  
the so lven t .  Previous studies had shown t h a t  ODPA + o,p'-ODA and 6F -t o,p'-ODA 
films had a high degree o f  s o l u b i l i t y  i n  DMF a t  room temperature  (>40% w / w ) . ( ~ )  
The polyimide powder of 6F + 3,3'-ODA was likewise tested f o r  i t s  s o l u b i l i t y  l i m i t  
4 
i n  DMAc. 
polyamic a c i d  wi th  p y r i d i n e / a c e t i c  anhydride, p r e c i p  t a t i n g  i n  d i s t i l l e d  water, 
thoroughly  d ry ing  a t  6OoC and heat ing f o r  2 hours a t  20OoC. 
g radua l l y  added t o  DMAc wh i l e  s t i r r i n g .  
(w/w) s t i r r i n g  became so d i f f i c u l t ,  t he  experiment was stopped. 
The imide powder was prepared by chemical ly  i m i d i z i n g  the 6F + 3,3'-ODA 
Th is  powder was 
A f t e r  d i sso  v i n g  amounts g rea te r  than 30% 
Another method f o r  s o l u b i l i z i n g  poly imide f i l m  by c u r i n g  the  polyamic a c i d  f o r  
longer  t imes a t  lower  temperatures was attempted. The 6F + 4,4'-ODA f i l m  cured 1 
hour a t  3OO0C was found t o  be inso lub le  i n  DMAc a t  ambient temperature. The same 
mate r ia l  cured f o r  5 hours a t  2OO0C was t o t a l l y  so lub le  i n  DMAc upon s t i r r i n g  f o r  
several  hours. 
polymer cured a t  3OO0C, the  i n f r a r e d  spectrum o f  the f i l m  showed on ly  a s l i g h t  
h i n t  o f  anhydr ide -C=O peak. 
Although t h e  Tg o f  t h i s  polymer was 10-15OC lower  than t h a t  o f  t h e  
CONCLUSIONS 
Soluble a1 1-aromatic po ly imides have been produced by coup1 i n g  hexa f l  uoropro- 
pane-(6F) and oxygen-(ODPA) conta in ing  dianhydr ides w i t h  o x y d i a n i l  i n e  and 
b i  s(  ami nophenoxy) benezene d i  amines. 
meta and o r tho  isomer l i n k s  i n  the diamine p o r t i o n  o f  the  molecule. The polymers 
prepared w i t h  3,3'-ODA and 2,4'-ODA were found t o  be r e a d i l y  so lub le  
a t  > 30-40% s o l i d s  a t  room temperature i n  amide so lvents .  
a l s o  r e a d i l y  so lub le  i n  l ow-bo i l  ing c h l o r i n a t e d  so lvents .  
be spray-coated onto des i red  substrates i n  the f u l l y - i m i d i z e d  form and thus 
e l i m i n a t e  the  need f o r  t a k i n g  the subst rate t o  e leva ted  temperatures. 
s o l u b l e  phenoxy- l inked poly imides y i e l d  tough, f l e x i b l e ,  c o l o r l e s s  t o  pa le  
y e l l o w  t ransparent  f i l m s  from amide o r  cho lo r i na ted  so lvents .  
f o r  use i n  e l e c t r o n i c  a p p l i c a t i o n s  should be e x c e l l e n t .  
Sol ub i  1 i t y  was enhanced by t he  presence o f  
These poly imides are 
They can the re fo re  
These 
The i r  p o t e n t i a l  
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TABLE 1. Properties o f  Polyimide Films 
'inh Ref rac ti ve 
oc Index ( n )  Film Appearance (dl /g) Tg Polymer 
~- 
6F + 3,3'-ODA 1 .oo ,244 1.60 Pale to Colorless 
Pale to Colorless 6F + 2,4'-ODA 0.75 276 -- 
6F + 3,4'-0DA 0.79 2 80 1.60 Pale Yellow 
6F + 4,4'-ODA 1.11 32 6 1.60 Pale Yellow 
ODPA + 3,3'-ODA 1.09 186 1.69 Pale t o  Colorless 
ODPA + 2,4'-ODA 0.77 264 1.67 Pale to Colorless 
ODPA + 3,4'-ODPA 0.61 245 1.69 Pale Yellow 
ODPA + 4,4'-ODA 0.34 273 1.69 Light Yellow 
~ 
6F + 1,4(4)-APB 1.82 281 1.60 Light Yellow 
6F + 1,3(4)-APB 1.58 2 55 1.62 Light Yellow 
6F + 1,4(3)-APB 1.19 2 30 1.61 Pale t o  Colorless 
6F + 1,3(3)-APB 1.02 209 1.61 Pale to Colorless 
~ 
Light Yellow 
Light Yellow 
ODPA + 1,4(4)-APB 1.46 245 1.67 
ODPA + 1,3(4)-APB 1.29 217 1.69 
ODPA + 1,4(3)-APB 1.06 2 04 1.68 Pale Yellow 
ODPA + 1,3(3)-APB 0.98 182 1.68 Pale to Colorless 
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Table 11. So lub i l  i t i e s  of Polyirnide F i lms Prepared w i t h  6F Dianhydrideayb 
DMAc DMF CHCl3 
Diamine 3 h r  I d  5d 3 h r  I d  3d 3 h r  I d  5d 
3,3 ' -0DA 
2,4'-ODA 
3,4'-ODA 
4,4 ' -0DA 
1,4 ( 4 )  -APB 
1,3(4)-APB 
1,4 ( 3 ) -APB 
1,3(3)-APB 
S 
S 
i 
i 
i 
S 
P S  
S 
S S 
S S 
i S 
i S 
i S 
S S 
P S  P S  
S S 
S 
S 
S 
S 
S 
S 
P S  
S 
S 
S 
i 
i 
i 
S 
P S  
S 
S 
S 
S 
S 
S 
S 
P S  
S 
S 
S 
S 
S 
S 
S 
PS 
S 
a S o l u b i l i t i e s  were t e s t e d  a f t e r  3 hours, 1 day and 5 days a t  room 
bs = t o t a l l y  so lub le;  ps = 
temperature 
p a r t l y  soluble;  i = i n s o l u b l e  
Table 111. S o l u b i l i t i e s  o f  Polyimide F i lms Prepared w i t h  ODPA Dianydr ide 
DMAc DMF CHC13 
Diamine 3 hr I d  5d I d  3d 3 h r  I d  5d 
3,3'-ODA 
2,3 ' -0DA 
3 , 4 I -0DA 
4,4 ' -0DA 
1,4(4)-APB 
1,3 (4  ) -APB 
1,4(3)-APB 
1,3 (3 ) -APB 
i S 
S S 
i i 
i 
i i 
i i 
i i 
P S  P S  
S i 
S S 
i i 
i i 
i i 
i i 
i i 
PS PS 
~ 
i 
s 
i 
i 
i 
i 
i 
P S  
S 
i i 
i i 
i i 
i i 
i i 
P S  P S  
- 
i 
i 
i 
i 
i 
PS 
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